Graphene, a monoatomic layer of graphite hosts a two-dimensional electron gas system with large electron mobilities which makes it a prospective candidate for future nanocarbon devices. Grown epitaxially on silicon carbide (SiC) wafers, large area graphene samples appear feasible and integration in existing device technology can be envisioned. A precise control of the number of graphene layers and growth of large homogeneous graphene samples can be achieved. However, as-grown epitaxial graphene on SiC is electron doped due to the influence of the reconstructed interface layer present between graphene and SiC. Covalent bonds between SiC and the first carbon layer grown on top induce a dipole layer which induces charges into the graphene. As a result, the Dirac point energy where the π-bands cross is shifted away from the Fermi energy, so that the ambipolar properties of graphene cannot be exploited. How this effect can be overcome by a precise control and manipulation of the electronic structure of the π-bands is demonstrated by two methods. On the one hand, transfer doping of the epitaxial graphene surfaces with the strong acceptor molecule tetrafluoro-tetracyanoquinodimethane (F4-TCNQ) allows for a fine tuning of the doping level. Charge neutrality can be achieved for mono-and bilayer graphene. On bilayer samples the magnitude of the existing bandgap can be increased up to more than double of its initial value. On the other hand, the impact of the SiC-graphene interface can be completely eliminated by annealing the samples in molecular hydrogen. The hydrogen atoms migrate under the graphene layers, intercalate between the SiC substrate and the interface layer and bind to the Si atoms of the SiC(0001) surface. Thus the interface layer, decoupled from the SiC substrate, is turned into a quasi-free standing graphene monolayer. Similarly, epitaxial monolayer graphene turns into a decoupled bilayer. The intercalation process represents a highly promising route towards epitaxial graphene based nanoelectronics.
INTRODUCTION
Graphene can be viewed as a single-atom thick layer pulled out of graphite. It is one of the most promising materials for future nano-scaled carbon electronics for developments beyond the Si CMOS era [1] . Its unconventional two-dimensional electron gas properties have been discovered primarily using graphene flakes obtained from mechanical exfoliation from highlyoriented pyrolytic graphite [2, 3] . However, these flakes have to be searched for and manipulated individually which makes up-scaling towards wafer production cumbersome. Other methods of graphene production have been based on a chemical derivation [4, 5] which, however, cannot provide high-quality single crystalline material, or by a catalytic reaction on metal surfaces [6] [7] [8] which, unpractically, yields the graphene on a conducting substrate. On SiC, in contrast, growth of graphene can be achieved relatively simple by a thermal decomposition reaction and the layers are immediately provided on a large scale, semiconducting substrate, which is compatible to industrial wafer technology. The present paper reviews recent work on the initial growth of graphene on SiC(0001) as well as tuning the electronic properties by surface functionalization. Different methods have been put forward for growth of epitaxial graphene on SiC. Already early it was clear that annealing of SiC basal plane substrates in ultra-high vacuum (UHV) leads to a graphitization of the surface due to the enhanced sublimation of Si [9, 10] . Here, typical temperatures for graphene development are in the 1200 °C regime [11] [12] [13] . Yet, the homogeneity of the graphene layers grown by this method is somewhat limited. In order to grow largely homogeneous graphene layers a suitably approach is to anneal the SiC samples at temperatures above 1600 °C in an Ar atmosphere in a quartz glass reactor [14, 15] . On the other hand, it has recently been demonstrated that it is possible to grow graphene with an additional carbon supply similar to molecular beam epitaxy using relatively low temperatures of around 950 °C [16, 17] .
On SiC(0001), graphene growth is mediated by a covalently bound carbon interface layer, whose structural details have been investigated by STM previously [12] . The strong interaction mediated by this interface ensures a very well ordered epitaxial relationship between the substrate and graphene. On this surface also growth of different numbers of graphene layers can be achieved and controlled precisely [18] as shown below. However, the interface, though responsible for the controlled epitaxy, represents a serious drawback for the use of epitaxial graphene on SiC(0001). The epitaxial graphene layers are intrinsically n-doped to a carrier concentration of approximately n ≈ 1 × 10 13 cm -2 so that the Fermi level is shifted upwards, away from the Dirac point, or in other words the π-bands are shifted into the valance band regime [11, 18] . Thus, the ultimate goal for a wide-spread use of SiC based epitaxial graphene is to reverse this Fermi level shift. Transfer doping by Sb or Bi deposition indeed reduces the ndoping to a certain extent, but not entirely [19] . Complete charge neutrality is achieved by deposition of the electronegative tetrafluoro-tetracyanoquinodimethane (F4-TCNQ) molecule [20] . On bilayer samples which display a band gap on SiC, the Fermi level can be shifted into this band gap so that true semiconducting graphene develops. Even further, the size of the band gap is tuned by the electronic influence of the molecular layer. Details of this transfer doping effects are also shown in the result section.
The influence of the interface bonding can be completely eliminated by hydrogen intercalation [21] as shown subsequently. The dangling bonds of the SiC substrate are passivated with hydrogen so that the interfacial carbon layer is decoupled from the substrate. After the hydrogenation process linear π-bands appear even for the first carbon layer alone, that in its pristine state is electronically inactive. This so-called zerolayer is transformed into a quasi-free standing graphene layer. The intrinsically n-doped monolayer graphene transforms into a slightly p-doped bilayer graphene. No interfacial carbon remains after hydrogen intercalation, in contrast to as grown epitaxial graphene. The graphene decoupling is reversible by annealing to temperatures where the intercalated hydrogen atoms desorb.
EXPERIMENT
On-axis oriented 4H-and 6H-SiC(0001) samples (typical size: 7mm ×10 mm) doped with nitrogen (10 17 to 10 18 cm -3 range) were initially prepared either by hydrogen etching [22, 23] in order to achieve a regular array of atomically flat terraces or by a chemical-mechanical polishing (CMP) procedure. Growth of epitaxial graphene was carried out by the thermal decomposition reaction that initiates Si sublimation either by annealing in UHV [12] or under Ar atmosphere in an induction furnace [14] . Sample annealing in UHV was carried out by direct current heating. The sample temperature was measured by an infrared pyrometer. For transfer doping, F4-TCNQ molecules (7, 7, 8, 8 -Tetracyano-2,3,5,6-tetrafluoroquinodimethane, Sigma Aldrich, 97% purity) were deposited on the graphene/SiC substrates by thermal evaporation from a resistively-heated crucible in UHV. For hydrogen intercalation the samples were annealed at temperatures between 600 °C and 1000 °C in molecular hydrogen at atmospheric pressures, typically for 10 min. This process was carried out in a quartz-glass reactor in an atmosphere of palladium-purified ultra-pure molecular hydrogen, similar to the technique used for hydrogen etching [22, 23] and hydrogen passivation [24] [25] [26] of SiC surfaces.
The graphene layer thickness and the shape and position of the π-bands were characterized using low energy electron diffraction (LEED) and angular resolved photoemission spectroscopy (ARPES). In house ARPES measurements were carried out at room temperature (RT) using monochromatic He II radiation (hν = 40.8 eV) from a UV discharge source with a display analyzer oriented for momentum scans perpendicular to the K Γ -direction of the graphene Brillouin zone. For a precise determination of the carrier concentration the Fermi surfaces were measured in low temperature ARPES experiments at the Surface and Interface Spectroscopy beamline (SIS) using synchrotron radiation from the Swiss Light Source (SLS) of the Paul Scherrer Institut (PSI) in Villigen, Switzerland [27] . The endstation allows -using a display analyzer and a liquid He cooled sample manipulator with three rotational degrees of freedom -for fast high-resolution, two-dimensional electronic dispersion measurements. X-ray photoelectron spectroscopy (XPS) measurements were performed using photons from a nonmonochromatic Mg Kα source (hν = 1253.6 eV). High-resolution core level photoemission spectroscopy (CLPES) was carried out using synchrotron radiation at beamline I311 [28] of the MAX radiation laboratory in Lund, Sweden. Low energy electron microscopy (LEEM), photoemission electron microscopy (PEEM) experiments were performed with the LEEMIII instrument at this beamline.
RESULTS AND DISCUSSION

Growth and layer counting
As mentioned in the introduction there are several different growth procedures available for the growth of epitaxial graphene on SiC(0001) [12, 14, 16] . However, for all of these methods, the graphene growth is mediated by the (6 3 ×6 3 )R30° reconstructed interface layer. This interface is basically a covalently bound initial carbon layer, which is arranged in the graphenetype honeycomb structure but does not yet possess the typical electronic properties of graphene [29] . It is therefore often called "zerolayer graphene" [13, 21, 30] . Only the next carbon layer on top of this buffer layer has the electronic structure of monolayer graphene. The strong interface interaction is then responsible that with additional carbon layers, bilayer and trilayer systems are formed, and so on [18] . An important aspect of the growth of epitaxial graphene on SiC(0001) is therefore the precise control and counting of the number of graphene layers obtained. On SiC(0001) the number of graphene layers developing is dependent on the annealing temperature. For a precise control of the growth results, photoemission spectroscopy of the π-bands is the most direct method available, since for a different number of graphene layers a different number of π-band branches evolves. vicinity of the K -point of the graphene Brillouin zone perpendicular to the K Γ -direction. The sketch in panel (a) defines the k ‫||‬ -mapping direction. For 1150 °C annealing temperature the (6 3 ×6 3 )R30° reconstructed interface layer develops, and accordingly no bands are visible as shown in panel (b). For higher annealing temperatures graphene layers are obtained, that can be characterized by the number of π-band branches in the dispersion plot. As shown in panel (c) the monolayer shows the typical crossing of linear bands. Notably, the energy level of this crossing, i.e. the Dirac point is located at -420 meV, which corresponds to the noted strong n-doping of ≈ 10 13 cm -2 . As shown in panel (d) a bilayer has two parabolic band branches. Here, the band shift caused by the intrinsic n-doping of epitaxial graphene on SiC is slightly lower than for epitaxial monolayers, namely about -0.3 eV. In addition, the electric dipole present at the graphene/SiC interface imposes an electrostatic asymmetry between the layers which causes a band gap to open by roughly 0.1 eV [11, 18, 31, 32] . ARPES can be used to control that a defined number of layers is obtained, since an inhomogeneous layer distribution is reflected in a superposition of the different band structures. Note, that the bilayer sample indeed contains residual amounts of trilayer graphene. The bilayer bands are highlighted as a visual guide. By calibration on the ARPES data it was shown that LEED spot intensity measurements and even the LEED pattern itself can be used as a fast, in-situ growth control technique [21] .
Transfer doping
In order to exploit the unique properties of graphene also in epitaxial graphene on SiC, the intrinsic doping has to be reversed. As noted, the doping level of the graphene layers can be precisely monitored with ARPES measurements of the π-band dispersion around the K -point of the graphene Brillouin zone as previously established [11, 18, [31] [32] [33] . This is shown again for an as-grown monolayer of graphene on SiC(0001) in Figure 2 (a) where the Fermi level E F is Figure 2 . Dispersion of the π-bands at the K -point of the graphene Brillouin zone for an asgrown graphene monolayer (a) on SiC(0001) and after saturation with F4-TCNQ molecules (b). The Fermi level E F shifts back towards the Dirac point (E D , dotted black line) and charge neutrality (E F = E D ) is reached. Fermi surface maps for (c) a pristine epitaxial graphene monolayer and (d) a F4-TCNQ covered, charge neutral sample. The dispersion plots were measured using He II radiation, the Fermi surfaces with 30 eV circular polarized synchrotron light (after [20] ). located about 0.42 eV above the Dirac point E D . For increasing amounts of deposited F4-TCNQ, E F moves back towards E D until charge neutrality is achieved for a nominal film thickness of 0.8 nm as displayed in Figure 2 (b). The integrity of the graphene layer is preserved as indicated by the persistent sharpness of the bands. At higher molecule coverages no further π-band shift is observed [20] . Evidently, deposition of F4-TCNQ activates electron transfer from graphene towards the molecule thus neutralizing the excess doping induced by the substrate. Carrier concentrations were determined quantitatively using high-resolution ARPES data from synchrotron radiation. In Figure 2 (c,d) constant energy maps at E F are displayed for a clean graphene monolayer (c) and charge transfer saturation at full coverage (d). The charge carrier concentration can be derived precisely from the size of the Fermi surface pockets as n = (k Fk K )
2 / π, where k K denotes the wave vector at the boundary of the graphene Brillouin zone. The corresponding carrier concentrations are 7.3 × 10 12 cm -2 and 1.5 × 10 11 cm -2 , for the clean and the F4-TCNQ covered graphene monolayer, respectively. The error was estimated to about ± 2 × 10 11 cm -2 from the variance of Lorentzian fits through the corresponding dispersion plots [20] . The charge transfer process itself can be elucidated by XPS measurements of the N 1s and F 1s core levels. A line shape analysis of the N 1s spectra for different amounts of deposited F4-TCNQ as plotted in Figure 3 (a) reveals two main components at different binding energies corresponding to an anionic N -1 species (398.3 eV) and a neutral N 0 species (399.6 eV) [34, 35] . Note, that the additional broad component at 401.7 eV can be assigned to shake-up processes [36] . The F 1s spectra as shown in Figure 3 (b) are in contrast dominated by a single component. Only at low coverages a slight asymmetry develops. The appearance of the N -1 species indicates that the electron transfer takes place through the C≡N groups of the molecules while the fluorine atoms are largely inactive. In difference to a similar electronic activity of cyano groups of F4-TCNQ found on metal surfaces [36] [37] [38] , in the present case not all C≡N groups are involved in the charge transfer process. While for low molecular coverages the charged species dominate (71%), for coverages from 0.4 nm to 0.8 nm about 45% of the cyano groups are uncharged as determined from the fitted peak areas. This indicates that at least when the films are densely packed, most of the molecules are standing upright or are upwards-tilted. The XPS peak positions also corroborate the close electronic coupling between the F4-TCNQ molecules and the graphene layer since their energy position shifts exactly by 0.4 eV as also the π-bands shift for 0.8 nm film thickness. For higher film thicknesses a charge neutral second layer of molecules forms as indicated by the now dominant N 0 species in the N 1s spectra. The saturation effect at 0.8 nm nominal film thickness also supports the model of upright standing molecules since the size of an F4-TCNQ molecule along its axis is indeed about 0.8 nm.
Similar to the monolayer case, F4-TCNQ deposition onto a bilayer sample causes a progressive shift of the π-bands, i.e. a reduction of the intrinsic n-type doping. This is illustrated by the plots of experimental dispersion curves in Figure 4 (a)-(e). In the figure, bands obtained from tight-binding calculations as described by McCann and Fal'ko [39] are superimposed to the dispersion plots. This facilitates an analytical evaluation of the Dirac energy position and the size Figure 4 . ARPES band structure plots measured perpendicular to the K Γ -direction for an epitaxially grown graphene bilayer on SiC(0001) (a) without F4-TCNQ coverage and (b-e) with increasing amounts of F4-TCNQ. Bands calculated within a tight binding model are superimposed to the experimental data. The definition of the energy gap E g , the gap midpoint or Dirac point E D , the minimum of the lowest conduction band E cond and the maximum of the uppermost valence band E val are included in panel (c) (after [20] ). of the band gap. Concurrent with the drop of E F -E D , the size of the band gap increases as seen from the simulated bands. The band fitting retrieves the energy of the bottom of the lowest conduction band E cond and of the top of the uppermost valence band E val . From these values the energy gap E g and the mid gap energy or E D can be derived. The corresponding energies are marked in panel (c). The band gap E g increases from 116 meV for a clean as-grown bilayer to 275 meV when a 1.5 nm thick layer of F4-TCNQ molecules has been deposited. We verified that no further charge transfer occurs for higher amounts of deposited molecules. The conduction band maximum crosses the Fermi level for a molecular layer thickness of 0.4 nm. Hence the bilayer is turned from a metallic system into a truly semiconducting layer. The increase of the band gap indicates that the molecular deposition increases the on-site Coulomb potential difference between both layers. From the tight binding calculations we get an increase in the onsite Coulomb interaction from 0.12 eV for a clean bilayer to 0.29 eV for a bilayer with a molecular coverage of 1.5 nm. This increase can be attributed to an increased electrostatic field due to the additional dipole developing at the graphene/F4-TCNQ interface. For optimum reproduction of the experimental data the band velocity v B equals 1.07 x 10 6 m/s. The dimer coupling γ varies from 0.40 eV for the clean bilayer to 0.52 eV for a bilayer with a molecular film coverage of 1.5 nm. The next-nearest neighbour coupling γ 3 remains fixed at 0.12 eV.
Hydrogen intercallation
While the transfer doping scheme reverses the intrinsic doping level of the epitaxial layers, the actual nature of the substrate/graphene interface is not changed. The interface layer is already constituted of carbon atoms arranged in a graphene-like honeycomb structure. However, as depicted in the model sketch in Figure 5 (a), about 30 % of these carbon atoms are bound to the Si atoms of the SiC(0001) surface, which prevents linear π-bands as characteristic for graphene to develop in this layer. Thus, the interface layer is electronically inactive in terms of the typical graphene properties so that it is often called zerolayer graphene. The second carbon layer grows on top of the interface without covalent interlayer bonds as shown in Figure 5 (b) and electronically acts like monolayer graphene. The influence of the covalent bonding in the interface layer causes the intrinsic n-doping in the graphene monolayer on top, and it is also one of the primary suspects for the strongly reduced mobility in epitaxial graphene on SiC(0001) in comparison to exfoliated graphene flakes. So, for a practical application of epitaxial graphene on SiC(0001) instead of only counteracting the intrinsic doping it would be even better to eliminate the interface bonding completely by a saturation of the Si atoms in the uppermost SiC bilayer and thus to create quasi-free standing layers. An elegant solution for this purpose is the intercalation of hydrogen which then breaks and saturates the respective bonds and thus Figure 5 . Side view models for (a) the (6 3 ×6 3 )R30° reconstruction of SiC(0001) ("zerolayer") and (b) epitaxial monolayer graphene. After hydrogen intercalation (c) the zerolayer and (d) monolayer graphene are decoupled from the substrate. structurally and electronically decouples the graphene layers from the substrate [21] as sketched for zero-and monolayer graphene in Figure 5 (c) and (d) .
LEED images provide an estimate of the structural coupling between the epitaxial carbon layers and the substrate. Figure 6 displays LEED patterns at 126 eV for the (6 3 ×6 3 )R30° reconstructed buffer layer before and after hydrogen treatment, respectively. For the pristine zerolayer graphene sample (panel a) the LEED pattern shows very intense (6 3 ×6 3 )R30° superstructure spots, whereas, after hydrogen treatment (panel b), the superstructure spots are strongly suppressed and the first order diffraction spot of graphene becomes very bright. This indicates the transformation of a strongly reconstructed interface layer to a decoupled graphenelike flat layer induced by the elimination or weakening of the interlayer bonding. Similar to the case of a zerolayer, the spots of the (6 3 ×6 3 )R30° superstructure vanish upon hydrogen treatment of an epitaxial graphene monolayer (not shown), again a clear indication of a structural decoupling of the interface layer from the substrate.
To demonstrate the electronic effect of the hydrogen treatment process Figure 7 shows ARPES measurements around the K -point of the graphene Brillouin zone [21] . For zerolayer graphene, i.e. the pristine (6 3 ×6 3 )R30° reconstruction no bands are observed (panel a). After hydrogen treatment the decoupling is clearly evident since the linear dispersing π-bands of monolayer graphene appear (panel b). This corroborates, that the hydrogen atoms migrate under the covalently bound initial carbon layer, break the bonds between C and Si and bind to the Si atoms as sketched in Figure 5 (c) . Consequently, the zerolayer now displays the electronic properties of a quasi-free standing graphene monolayer. The graphene is slightly p-doped so that the Fermi level E F is shifted below the Dirac point E D by ≈ 100 meV in contrast to conventional epitaxial monolayer graphene which is n-doped. After heating the sample up to 700 °C the slight p-doping vanishes, presumably due to desorption of residual chemisorbed species from the graphene surface, and charge neutrality is retrieved as shown in Figure 7 (c). In Fermi surface measurements using high resolution, synchrotron based ARPES the charge carrier concentration could be evaluated to n ≈ 2 × 10 11 cm -2 [40] . At higher temperatures, the Si-H bonds start to break, and the hydrogen progressively desorbs. At around 900 °C the zerolayer structure is completely re-established as confirmed by ARPES [21] , which demonstrates that the hydrogen intercalation process is fully reversible. For pristine monolayer graphene, hydrogen treatment leads to the transformation into bilayer graphene as demonstrated by the change of the band structure displayed in Figure 7 (e) and (f). It shows that the hydrogen intercalation process makes the interface layer and the first graphene layer on top combine to a bilayer slab in perfect AB stacking. Again, the sample shows p doping which disappears after annealing to 700 °C, cf. panel (g). For higher temperatures the intensity of the bilayer π-bands decreases while the monolayer bands reappear [21] . The hydrogen progressively desorbs until at 1000°C the original monolayer bandstructure is completely recovered (panel h).
LEEM was used to analyse the effect of hydrogen intercalation on the graphene structure with spatial resolution. LEEM can identify the number of graphene layers on SiC by the number of dips in the electron reflectivity spectra between 0 and 8 eV [41] . In Figure 8 , LEEM micrographs are shown for an electron energy of 5.1 eV measured in the same area of a UHV grown sample with (panel a) and without (panel b) intercalated hydrogen. At this energy, regions of different graphene thickness can be distinguished by the reflected intensity. The electron reflectivity spectra for the different surface domains A, B and C as labeled in panel (a) are plotted in panel (c). The number of dips in the spectra identifies region A, B and C as bi-, tri-, and four layer graphene. After desorbing the hydrogen through an annealing step at 900 °C, the spatial distribution of these domains does not change as shown in panel (b). However, their LEEM intensity changes and the reflectivity spectra as plotted in panel (d) identify a complete transformation of (n+1)-layer thick areas into (n)-layer thick areas (n=1,2,3). The region labeled D in Figure 8 displays the same intensity before and after desorption of the hydrogen (and a flat reflectivity spectrum) and is attributed to surface defects, e.g. from residual polishing damage [21] . Recent LEEM measurements after hydrogen intercalation of a furnace-grown zerolayer sample demonstrate that the combination of these two techniques allows to prepare continous, homogeneous quasi-free standing monolayer graphene on a 10 µm scale [40] on the entire sample. High resolution CLPES experiments with synchrotron radiation and spatially resolved µ-XPS using the PEEM instrument give further evidence for the structural models given in Figure  5 . In the C 1s core level spectra for both a hydrogen-treated zerolayer and a monolayer sample contributions from the covalently bound carbon of the (6 3 ×6 3 )R30° reconstructed interface layer are completely absent [21, 40] . The only carbon signals observed are related to the SiC bulk and the graphene layer. At annealing temperatures higher than 700 °C the hydrogen starts to desorb, as indicated by the appearance of interface components as found for the pristine (6 3 ×6 3 )R30° reconstruction [29] . The electron reflectivity spectra obtained for the regions A, B, and C are plotted in panels (c) and (d), respectively, labeled with the number of graphene monolayers (ML) (after [21] ).
CONCLUSIONS
In conclusion, the growth of epitaxial graphene on SiC(0001) can be precisely controlled and large scale homogeneous graphene samples can be obtained. The band structure of epitaxial graphene on SiC(0001) can be precisely tailored by functionalizing the graphene surface with F4-TCNQ molecules. The intrinsic n-doping of the pristine graphene layers can be compensated. Charge neutrality can be achieved for mono-and bilayer graphene. A charge transfer complex is formed by the graphene film and the F4-TCNQ molecular overlayer. The electrons are removed from the graphene layer via the cyano groups of the molecule. In addition, it was found that the molecules remain stable under ambient conditions, at elevated temperatures and can be applied via wet chemistry, so that the incorporation of this doping method into existing technological processes appears feasible [20] . In bilayer graphene, the hole doping allows the Fermi level to shift into the energy band gap. The additional dipole developing at the interface with the F4-TCNQ overlayer causes the band gap magnitude to increase to more than double of its original value. The structural and electronic influence of the interface layer can be completely eliminated by decoupling the graphene from the SiC substrate. It was demonstrated that hydrogen can migrate under epitaxial graphene and the interface layer, bind to the Si atoms of the SiC(0001) surface and achieve this decoupling. The question remains whether the hydrogen diffuses under the carbon layer starting at step edges or defects, or whether the high temperature and pressure might facilitate a reactive passage of the hydrogen through the graphene lattice itself. Nevertheless, the hydrogen passivates the underlying SiC substrate similar to the case of bare SiC surfaces. The interface layer alone transforms into a quasi-free standing monolayer. N-layer graphene films transform into (n+1)-layer graphene films (n=0,1,2,3). In combination with RF furnace growth, the intercalation opens up the possibility to produce quasi-free standing epitaxial graphene on large SiC wafers. The intercalated hydrogen is sustained in ambient conditions and stable up to 700 °C. The intercalation process is technologically well adapted and represents a highly promising route towards epitaxial graphene based nanoelectronics.
